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IR luminescence (1.6-1.9 /tm) of compressive-strained InGaAs/InP
quantum wells grown by MOVPE
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Abstract. We report metal-organic chemical-vapor deposition-grown InGal-,As/ino.53Gao.47As/
InP double heterostructures emitting at 1.65-1.85 pm at room temperature. The active region
consists of a 25-100 A thick compressivelly strained InxGaj _As quantum wells with composition
x in interval 0.69-0.81. Comparison with our theoretical results shows that the shape of our
quantum wells grown by metal-organic vapour phase epitaxy is not rectangular.

Introduction

Semiconductor lasers emitting in the midwavelenght infrared (MWIR) band
(1.5-5 trm) have potential applications in high-resolution molecular spectroscopy,
optical fiber communication, laser radar, and gas analysis with high sensitivity and
speed. Particular attention was given to III-V semiconductor MWIR lasers with Sb
contents [1, 2]. Contrary to receive the emission wavelength up to 2.0 Pim we use
InGaAs/InP heterostructures with strained active region. To the best of our knowledge,
so far the detailed study of strained InGaAs quantum wells (QWs) has not provided.
Usually strained InGaAsP heterostructures emitted up to 1.5 Pzm have been investi-
gated [3, 4].

1 Growth

In this work we report double heterostructures InxGalxAs/InP (x = 0.69-0.81) emit-
ted at 1.65-1.85 ftm grown by metal-organic vapour phase epitaxy (MOVPE). The low
pressure (100 mBar) (LP MOVPE) equipment with rectangular cross-section horizontal
reactor and radio-frequency heating of graphite susceptor was used. The trimethylgal-
lium (TMGa), trimethylindium (TMIn), arsine (AsH 3 ) and phosphine (PH 3) were used
as sources. Growth temperature was 600'C.

The heterostructures consist of a 25-100 A thick undoped compressivelly strained
(lattice mismatch 1-2%) active region of InxGajxAs (x = 0.69-0.81) sandwiched by
0.2 pim thick unstrained In0 53Ga0 47As confinement layers, lattice matched with InP
substrate.

2 Results and discussion

Photoluminescence (PL) study of grown heterostructures has been performed at room
temperature. Ar+ laser with 488 nm line has been used for excitation with density of
50 W/cm 2.
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Fig 1. PL data of InGa _As QWs vs well thickness for different composition (x) at 300 K.

Figure 1 demonstrates the emission wavelength of InxGa1_xAs/In0.53Ga0.47As QWs
as function of QW thickness at room temperature. Dots are our experimental data for
QWs with different indium content in the well: (triangle): x = 0.81, (cross): x = 0.76,
(circle): x = 0.73, (square): x = 0.69. The dotted curves are the experimental results
for composition x = 0.81 and x = 0.67 from [5]. The solid curves (1-4) are our
theoretical data for the same composition x: 1-0.81; 2-0.76; 3-0.73; and 4-0.69.
The calculation has been made for the electron transitions to the first heavy hole level,
because determined by strain energy gap between the heavy hole and light hole subbands
in InxGal_xAs compressivelly strained QWs fits into the interval: 64 meV (x = 0.69)
- 115 meV (x = 0.81). Calculations have shown that the QWs in conduction band
are very shallow in investigated heterostructures with In 0.53Ga0 .47As confirement layers.
Therefore the wavelength dependence of QW's thickness connected with heavy hole
quantization only and the slope of the curves is not sharp in Fig. 1.

It follows from Fig. 1 that the shape of our calculated and measured curves are
indentical, but theoretical results shift into the long-wavelength range. The discrepancy
between theory and experiment in our opinion is attributable to the fact that the QWs
interfaces are not ideal, what can be explained by In segregation from interfaces. As a
result, the shape and so the width of the QWs has changed. On the other hand, the
segregation can variate the average composition of the solid solution in QWs, especially
for narrow wells.

Figure 2 shows our measured dependence of wavelength versus composition x in
InxGajxAs QWs at 300 K. As shown from figures, the wavelength of 2 ttm can be
obtained in strongly compressively strained (lattice mismatch 2%) QWs with width up
to 100 A.

3 Conclusion

We have presented InxGaj_xAs/Ino. 53Gao.47As/InP heterostructures with compressive-
strained QWs grown by LP MOVPE. Preliminary studies of these samples demonstrate
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Fig 2. PL data of InGa -.,As QWs vs composition (x) for different well thickness at 300 K.

the emission wavelength in a range 1.65-1.85 prm. Comparison of our theoretical and
experimental data shows that the shape of grown QWs is not rectangular because of
indium segregation from QW's interfaces.
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